Objectives: To examine dietary iodine sources and to estimate the dietary iodine intake of the Norwegian population. Design: Food iodine analyses carried out in Norway during the last 10 years were compiled, and iodine intake calculated on the basis of food intake data from nationwide dietary surveys among children and adults. The food intake of adults was measured by a self-administrated food-frequency questionnaire, which covered habitual diet during the past year. The food intake of children was measured by dietary record during four consecutive days. Setting: Neither household nor industrial iodisation of salt is mandatory in Norway, but some brands of table salt have 5 mg of iodine added per gram of NaCl. In spite of this, the population has been considered iodine-replete for decades, i.e. having an iodine intake well above the Recommended Dietary Allowance of 150 mg day
. Milk and dairy products contributed approximately 55% and 70% of the dietary iodine intake in adults and children, respectively. Fish contributed more than 20% of the iodine intake in adults and about 10% in children. The iodine contribution of drinking water was negligible. Conclusions: While fish has the highest natural concentration of iodine and as such is an excellent iodine source, milk and diary products are the main determinants of iodine intake in the Norwegian population. Iodisation of cow fodder has been mandatory in Norway since 1950 and provides an efficient alternative to universal salt iodisation. Our results show that the dietary iodine intake of adults is in the range considered to be sufficient. The dietary intake of iodine was at recommended levels among the youngest children; however, it decreased among adolescents, especially among girls.
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Iodine is an essential trace element required for normal activity of the thyroid hormones thyroxine and triiodothyronine. Clinical and sub-clinical manifestations of iodine deficiency, termed iodine deficiency disorders (IDD), affect all stages of human life and are characterised by a variety of conditions 1, 2 . The disorders induced by iodine deficiency constitute a major nutritional problem worldwide and about 2.2 billion people in 130 countries are at risk of iodine deficiency 3 . To eliminate IDD the most common and widely used intervention is iodine fortification, using salt as the vehicle 4 .
The public health implications of iodine intake in Norway have moved from the historical problem of endemic goitre described in some parts of the country during the 1930s and 1940s to concerns about excessive iodine intake 5, 6 . However, there has never been systematic monitoring of the iodine concentration of Norwegian foodstuffs or the iodine intake from a typical Norwegian diet. Studies performed in 1971 -72 and 1985 in selected groups of Norwegians showed satisfactory iodine excretion in urine 6 . The contribution of iodised salt (5 mg I/g NaCl) is considered to be insignificant 6 because only some brands of table salt are iodised and not  industrial salt   7 . Cow fodder is controlled by legislation in Norway and since 1950 has had iodine (as KI) added at the rate of 2 mg I/kg NaCl to protect the health of the animals 8 . This addition of iodine also results in higher iodine content in milk and dairy products. The maximum limit for iodine in fodder is set at 10 mg I/kg in Norway 8 and the European Union (EU). The best natural source of iodine is marine fish and other marine products 9 . In Norway, the recommended daily intake of iodine is 90 mg for children aged 4-6 years, 120 mg for children aged 7-10 years and 150 mg for children older than 10 years and adults 10 . These recommendations are in line with those set by the World Health Organization (WHO) 4 . The lowest recommended daily intake of iodine is set at 70 mg and the upper limit of intake is set at 1 mg for adults in the Nordic countries 11 and in the Recommended Dietary Allowances 12 . The Scientific Committee on Food (SCF) of the EU has recently set the maximum intake of iodine to 600 mg per day 13 .
To assess the dietary intake of iodine in a population and in subgroups of the population, reliable and accurate data of iodine concentrations of individual food items are needed. The aim of the present study was to estimate the iodine intake in the Norwegian population by using new data on the iodine concentration of foodstuffs and drinking water, and food intake data from representative samples of Norwegians. This allowed us to evaluate iodine intake in Norway in relation to recommended and upper levels of intake.
Materials and methods

Samples and sampling
Analyses of iodine in 1010 samples representing 102 different Norwegian foodstuffs during the last 10 years have been included in the present study. The majority of the analyses of iodine in fish fillets (n ¼ 538) and milk and dairy products (n ¼ 85) were reported by Julshamn et al. 9 and Dahl et al.
14 , respectively. Seventy-four iodine analyses of foodstuffs were listed in the Norwegian food composition table 15 and the remaining 313 analyses of iodine have not been published earlier ( Table 1) .
The samples of foodstuffs included in the present study, with the exception of fish fillets 9 and milk and dairy products 14 , were taken according to available production and marketing statistics for foodstuffs from various geographical areas, manufacturers, etc. Each composite sample included several sub-samples from various areas or manufacturers. When a particular manufacturer dominated the market, the composite sample from this manufacturer consisted of sub-samples from various production dates.
Twelve different meat and meat products were analysed for iodine, i.e. lamb, pork, beef, sausages, hamburgers, minced meat, grilled chicken and five different meat sandwich fillets. The iodine content of bread (n ¼ 17), rice (n ¼ 2), pasta (n ¼ 2), beans (n ¼ 1), peas (n ¼ 1), biscuits (n ¼ 5) and cereals products (n ¼ 4) constitute the group of bread and cereals. Twenty different vegetables and eight different fruits and berries were included. The water samples were collected in clean glass containers, after allowing the water to run for 5 to 10 s. Samples were sent to our laboratory and stored at 48C until analysis.
Chemical analysis and analytical quality control
The iodine concentrations in the foodstuffs and drinking water were determined by inductively coupled plasmamass spectrometry 9, 16 . The 35 samples of milk and dairy products reported in the Norwegian food composition table 15 were analysed for their iodine content by neutron activation analysis. The limit of detection (LOD), calculated according to the three-sigma criterion, was estimated from the variance of the analytical blank values (n ¼ 20). The LOD was estimated to be 0.06 ng ml
21
. The limit of quantification (LOQ), calculated according to the three-sigma criterion, was estimated to 15 ng g 21 (dry mass) when 0.2 g of sample was used for analysis, and with a dilution factor of 50. This corresponds to a LOQ of approximately 2-4 mg kg 21 (wet weight).
Study population
Food intake among adults was derived from a representative nation-wide dietary survey of 1374 women and 1298 men aged 16-79 years in March, June, September and November 1997 (Norkost 1997) 17 . Food intake of children was derived from representative nation-wide dietary surveys of children aged 4, 9 and 13 years conducted during 2000-01 (Ungkost-2000) 18, 19 . The 4-year-old children participated in a survey performed from August to December 2001 18 . Data from 206 boys and 185 girls are included in the present study. Dietary surveys among nation-wide and representative samples of 4th graders (9 years) and 8th graders (13 years) were conducted in August to December 2000 19 . Data from 404 boys and 411 girls aged 9 years and 492 boys and 517 girls aged 13 years are included in the present study.
Food intake
Food intake among adults was measured by a selfadministrated food-frequency questionnaire (FFQ). The frequency of intake was reported per day, week or month depending on which kind of food was asked about. The portions were reported as pieces, glasses, cups, decilitres or spoons. The FFQ was supposed to cover the habitual diet during the past year and included questions about how often and how much was eaten of approximately 180 foods and dishes. The FFQ has been validated 20 -23 . Further details and results from the Norkost 1997 survey have been published elsewhere 17 .
The food intake of children was reported for four consecutive days in a pre-coded diary with lists of the most common foodstuffs and beverages in Norway. In addition, open lines to register the intakes of food items and beverages not mentioned in the list were included in the diary. The portion size was given as units, e.g. beverages was given as number of glasses. A book with pictures of different sizes of glass, thickness of slices of bread and portion sizes of different meals was enclosed with the diary. Further details and results of the Ungkost-2000 survey have been published elsewhere 18, 19 .
Iodine intake
Iodine intake was calculated on the basis of the food intake of each adult participant. The mean food intake and the iodine intake are reported, as well as percentiles for iodine intake among adults. For children the iodine intake was calculated on the basis of the mean food intake for boys and girls separately in each age group. The mean iodine concentration of the food groups given in Table 1 was used in the calculations. The iodine content of water (1.7 mg l 21 ) was used to calculate the iodine contribution from all beverages based on the findings by Rasmussen et al. 24 and Pedersen et al.
25
.
Results
Iodine concentrations of Norwegian foods
The average and range of iodine concentration found in each food group are listed in Table 1 . In general, the highest average iodine concentrations were found in the food groups fish, milk and eggs. The average iodine content of lean fish was generally more than twice that of fatty fish. Several processed fish products were also rich in iodine. The average iodine concentration in all types of milk produced in the summer was 83 mg l 21 and 212 mg l 21 in milk produced in the winter. No differences were found between average iodine content within the same season for the different types of milk analysed, e.g. skimmed milk versus full-fat milk. The average iodine concentration of all milk during the year was used in the present study. The iodine concentration in the different types of cheese did not vary with the fat content. The concentration range of iodine in white cheese and whey cheese indicated the influence of the seasonal variation in the milk used. Table 2 shows the iodine concentrations in drinking water at different locations in Norway. The iodine concentrations of drinking water sampled along the coast were higher (2.0 mg l
21
) compared with drinking water sampled from inland areas (0.8 mg l
). The average iodine content in water of 1.7 mg l 21 was used in the present study to calculate the iodine intake from beverages.
Dietary iodine intake
The daily intake of foodstuffs and the calculated intake of iodine for men and women are given in 17 , respectively. The iodine intake in men corresponds to 161 mg/10 MJ and in women to 170 mg/10 MJ. Milk and dairy products and fish and fish products were the main sources of iodine, contributing 80% of the iodine intake. The other food groups contributed very small amounts of iodine to the dietary intake of the nutrient, except for eggs, which contributed a relatively high percentage of iodine considering the small amount eaten.
The percentiles of iodine intake for men and women are given in Table 4 . About 7-8% of adults had an estimated dietary iodine intake less than 70 mg day 21 . Only 17 subjects (0.6%) had an estimated dietary iodine intake exceeding 400 mg day 21 and the highest single estimated intake of iodine was 616 mg day 21 .
The mean daily intake of iodine among the groups of children ranged from 90 to 121 mg (Table 5 ). Milk and dairy products contributed approximately 64 -71% of the total iodine intake, and fish and fish products contributed 12-14% of the total iodine intake in the diet of the children. Milk was the most important source of iodine in the children's diet, contributing approximately 50% of the total iodine intake. The lowest iodine intake was found among girls aged 13 years and this was due to a lower intake of milk compared with the other age groups of children. Boys aged 9 years had the highest intake of milk and also the highest intake of iodine. 
Discussion
The present study has compiled the concentrations of iodine in Norwegian foodstuffs and is the first study to provide information on the dietary intake of iodine based on food consumption data in representative samples of the Norwegian population. Determination of the iodine content in foodstuffs, summarised in the present study, shows that fish and fish products, milk and dairy products and eggs have the highest iodine concentrations of the foodstuffs analysed. In addition, the study shows that the iodine concentration of drinking water is very low (0.2 mg l 21 ) in Norway.
The iodine concentration in drinking water differed approximately 10-fold among the sampling sites in Norway. Similar geographical variation in the iodine content of tap water has been found in Finland 26 , Germany 27 and Denmark 24, 25, 28 . In Denmark, the iodine concentration of tap water has been shown to be of considerable importance for regional differences in iodine intake 25 . However, even if the drinking water from the area with the highest iodine concentration (5.5 mg l 21 ) had been used in the calculations of the present study, beverages would have contributed less than 10 mg of iodine per day, taking into account that the intake of beverages is about 1500 ml daily 17 . The mean dietary intake of iodine based on the FFQ covering the habitual diet was within the recommendation for men (176 mg day 21 ), while the mean dietary intake of iodine among women (136 mg day
21
) was slightly below the recommendation of 150 mg day 21 for adults. However, the intake of iodine in relation to energy intake (mg I/10 MJ) was higher in women (170 mg/10 MJ) than in men (161 mg/10 MJ). Only a minor percentage of the adult population had a daily intake of iodine below the lowest recommended intake of 70 mg day 21 . The food intakes of these subjects were probably underestimated, as the daily energy intake was about 3 MJ below the mean energy intake of all subjects in the study. Furthermore, the present study shows that none of the adults had an intake of iodine above the maximum safe intake level of 1 mg day 21 set by the Nordic countries 11 . The 95th percentile of iodine intake in adults was approximately half the tolerable upper intake level of iodine recently set by the SCF in the EU 13 . In fact, only one subject had a daily intake of iodine slightly above 600 mg.
The intakes of iodine among 4-year-old girls (98 mg day
) and boys (101 mg day 21 ) were above the recommended intake of 90 mg day 21 . For children aged 9 years, mean dietary intake of iodine of the boys (121 mg day 21 ) was at the same level as the recommendation 10 , but in girls the mean dietary iodine intake (100 mg day 21 ) was below the recommendation of 120 mg day 21 . The mean iodine intake in girls (90 mg day
) and boys (109 mg day 21 ) aged 13 years was below the recommendation set at 150 mg day
. The lower iodine intake in 13-year-old girls can be explained by a lower intake of milk.
Since the iodine content of foodstuffs varies considerably, with relatively few foods having a high content of iodine, the intake of iodine will vary greatly from day to day within a population 29, 30 . The seasonal variation in iodine concentration of Norwegian milk 14 will give a 20% lower iodine intake during the summer than during the winter among adults in the present study, assuming small variation in the intake of milk during the year. Seasonal variation of iodine intake from milk is described in other countries where milk and dairy products are one of the main contributors to the total iodine intake 31, 32 . In Denmark both seasonal and geographical variations in iodine intake were found 29 .
When assessing the iodine status by estimating the iodine intake in the diet, all major iodine sources need to be taken into consideration 33 . The present study has not considered the contribution of iodine from supplements, the contribution from iodised salt or the intake of seaweed. Data from the Norkost 1997 survey 17 show that 37% of men and 59% of women used vitamin and/or mineral supplements. The data for children showed that fewer than 10% of them used supplements that may 18, 19 .
contain iodine 18, 19 . There is no documentation as to what extent and in what amount the vitamin and mineral supplements contain iodine in Norway. However, it is reasonable to assume that about 25% of the most commonly used vitamin and mineral supplements contain 70 to 150 mg I per tablet. When it comes to iodised salt, only some brands of table salt are fortified with iodine, and regulations permit only the addition of 5 mg of iodine per g of NaCl 7 . Thus iodised salt will add only about 15 mg day 21 to our intake of iodine if 3 g of iodised table salt is used daily. Industrial salt used in food production is not supplemented with iodine 7 . The intake of seaweed in Norway is unknown, but consumption is expected to be restricted to small subgroups of the population.
The daily intake of iodine by adults in other countries has recently been calculated by different dietary methods. In Denmark, the median daily intake of iodine was in the range of 85 -168 mg in different groups of the population 29 . The daily intake of iodine has been calculated in several studies in The Netherlands and found to be in the range of 85 -293 mg 34 . The mean intake of iodine is calculated to be approximately 340 mg day 21 in Finland   31 and 119 mg day 21 in Germany 35 . In the UK the daily iodine intake was found to be in the range of 166-277 mg in studies carried out from 1985 to 1997 36 -38 . The intake of iodine in The Netherlands 34 of boys and girls aged 4-6 years was similar to those found in the present study, whereas the intake of iodine in children and adolescents aged 7-15 years was higher compared with findings in the present study.
The WHO/International Council for Control of Iodine Deficiency Disorders/United Nations Children's Fund criterion for assessing iodine status is the iodine concentration in urine 4 . Iodine intake assessed in studies performed in 1971 -72 6 and 1985 6 in several selected groups of Norwegians showed mean urinary iodine excretion in the range of 173 -260 mg/24 h, which indicates sufficient intake of iodine. A recent study of two selected groups of Norwegians 39 showed median urinary iodine excretion of 117 and 85 mg l 21 , indicating sufficient iodine intake and mild deficiency, respectively. The urinary iodine excretion of more than half of the population of Western and Central Europe indicates that they are at risk of iodine deficiency 40 . According to Vitti et al. 41 , most nations of Western and Central Europe have weak or non-existent governmental programmes to address the risk of iodine deficiency. Universal salt iodisation is the agreed strategy for achieving iodine sufficiency world-wide 4 . Although Norway has never had mandatory iodisation of salt, iodine deficiency has disappeared. The increase in the iodine content of milk and related dairy products through fodder fortification, and also the more widespread use of saltwater fish, explains the eradication of endemic goitre in Norway 5, 6 . The present study shows clearly that the iodine fortification of cow fodder is of importance for the iodine intake of Norwegians, and the fortification of cow fodder seems to be an effective way to provide a population with sufficient iodine. Other studies have claimed that iodine may occur in milk as a result of the use of iodophores as cow teat sterilisers and equipment sanitisers 42, 43 . The dairies in Norway do not use sanitisers or disinfectants containing iodophores 14 . In Britain, the eradication of endemic goitre was mainly due to changes in farming practices of milk and the marketing of milk 44 . The more widespread use of fortified fodder in Northern Europe compared with Southern Europe, where pasture feeding is available for a greater part of the year, may therefore explain why countries in Northern Europe are likely to be more iodine-sufficient compared with countries in Southern Europe.
The importance of milk and fish for total iodine intake found in the present study may put certain groups of the population at risk of low intake of iodine, i.e. subjects with allergy to milk or fish, vegetarians who do not consume fish, milk and dairy products and others with a low consumption of milk and fish. Results from two different studies in the UK 45, 46 indicated that different vegetarian diets supplied less iodine than non-vegetarian diets.
In conclusion, milk, dairy products and fish are the main sources of iodine in the Norwegian diet. The iodine contribution of drinking water is negligible. The calculated iodine intake based on an FFQ covering the habitual diet showed that iodine intake was in the range of 100-250 mg day 21 in the majority of the adult population. The dietary intake of iodine was at the recommended level for the youngest children; however, it decreased among adolescents, especially girls. The study verifies the importance of a regular intake of milk and dairy products, as well as seafood, to meet the requirement for iodine in the diet.
